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INTRODUCTION

The Part I report damoustrated that it was possible to impart a high degree of
corrosion ishibitiom to organic solvent-based sircraft topcoats without ser-
fously affecting their coler by dissolving (not dispersing) thereinm emall
ssounts of complexed hexavalent chromium salts (references (a) to (f)) pre-
pared accordiag to the suthors' pstented method [reference (g)). The report
covered by this iuvestigation explores the chemical mature of the complaxes;
i.e., the anfounic species containiag the hexavzlent chromium, and the prac-
ticality of using the complaxes as paint additives at this times to solve
Pleet corrosion problems. We choose to designste the hexavalent chromium com-
plexes as "AMichromes”, regardless of macrucycle source.

The work reported herein was conducted under AIRTASK NO. ZF 61412001, IED
Work Uuit No. GC 312.

EXPERIMENTAL PROCEDURES

Preparation end Purification of 18-Crown-6 (;eference (h))

A three-liter, three-neck flask equipped with mechanical stirrer, reflux con-
deaser, snd addition fumnel is charged with triethylene glycol (112.5 g,

0.75 mole) and tetrahydrofuran (600 ml), Stirring {s commenced and 601 XOH
solution (109 g of 852 NOH in 70 ml water) is poured in. The solution warms
dut does not boil. After about 15 min of stirrimg (vhem the solutirn darkens)
a solution of 3,6-dioxa-1, 8-dichlorooctane (140.3 g, 0.75 wole) 7+ THF (100 ml)
is added in & stream., After the addition is complete, the solut .ca is heated
at veflux and stirred vigorously for 18 hours. The solutiom ir allowed to
cool and the bulk of ~he THF {is evaporated under reduced pressure. The re-
sulting thick brown slurry is diluted with 500 ml dichloromsthane and filtered,
The salts rewmoved by filtratiom are washed with more dichloromethane to remove
adsorbed crowmn, and the combined organic solntion is dr’ed over MgSOy,
evaporated to minimum volume (aspirator vacuum), snd thasn distilled at high
vacuum., The distillation should be carried out at tiie lowest possible
pressure; a typical fraction contains 80 g and is collected over 100-160°C

at 0.2 == RHg. :

To %0 g of crude 18-crown=6 (bp 125-160°C, 0.2 mm) in a 250 m! Erlenmeyer
flask {s added 125 ml acetenitrile. The rasulting slurry is heated on a hot
plate to effect solution., A megnetic stirring bar is added and the neck
equipped with 8CaS0, drying tube. The solution is stirred vigorously as it
is allowed to cool to ambient temperature, and fine wvhite crystals of
crown-scetonitrile complex sre deposited. The flask is finally cooled in sa
{ce-acetone bath to precipitate as much complex as possible, and the solid
then collected by rapid filtrs:ion. The hygroscopic crystals are trans-
ferred to a 300 ml round-boriom flask equipped with a magnetic stirring bar
and vacuum take-off. The acetonitrile is removed from the complex av high
vacuum (0.1 - 0.5 mm) with gentle heating (t < 40°C) over two to three hours.
The pure, colorless crown (20 - 30 g, 40 - 60%) crystalliszses on standing and




ioas above w/e = 265 in the mass spentrum amd w0 sigaificant hydroxyl
vi 1a the 3300 cm"! region of the infrared. The pure crowm has

mp 36.3 - 38.0°C (1lic. mp 39 - 40°C) (re’srence (1)); mmw (60 MEs, CCly):

3.56 ppu (singlst); ir (neat): 2873 (slkene CH), 1450 and 1350 (alkane CH),
and 1120 co"]l (ether lismk); mass spectrus: N and M+l at 264 asd 265, other
fragmeats at w/3 = 89, 87, 59, 43. &4, 43, and 31. See Pigures 1 aad 2 for

IR and MR of compewad.
Preparetion of the Potagsjum Chlorochromate of 18-Crowa-6é (referemce (g))

A 0.7 solution of l8-crowm-6 was prepared in msthyleme chloride and 200 ml

of it was placed iam & 500 ml separatory fummel. Next, 300 ml of am acidified
squecus solutiocn of hexsveleat chromate was prepared as follows: 50 gm K Crl4,
300 al water and 96 gm of 371 coanstant boiling HC). A 200 ml portiom of this
solution was added to the same separatory funmmel. The fummel was vigorously
shaken and the orgamic phase removed, dried over Ig80,, filtered, svaporated
to about 125 ml and crystalliized at -59C. The product is oragge crystals
vhich decomposes over & long ramge of temperature begimaing at spproximately
150°¢

Elemental Aaslysis: Theoxy Pound
0 32.84 32.92
= 5.51 5.62
©l1 8.08 7.66

Purther proof that the complex is as designated is indicated by the data of
Table 1 which shows that the maximm solar extinction coefficient welues for
the complex and for the petassiva chlorochromate salt per se are reascmably
close for the sames wave lengths. See Figures 3 and 4 for IR and UV spectra
of complex.

(Prepared accordimg to Mellor)
(reference (}))

A 6 Molar ECl solution was prepared by diluting 85 grams of 381 HCl to 150 ml
wvith water. To this was added 25 grams of potassium dichromate wvhile heating
and stirring. The solution was allowed to crystallise undistusbed for three
days at room temperature and then suction filtered. The orasge crystals were
dried under vacuum. See Figures 5 and 6 for UV and IR spectra of compound.

sive 1 of D -18-C -6

The preparstion was very similar to the potassium chlorochromate of 18-crown-
6 above. The crystals were orange-yellow.

Theory Pound
7+ 44,90 44,53
1 4,52 4.39
1cl 6.64 7.00

See Figures? for UV of complex.
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TABLE I

COMPARISONM OF UV ARSORPTION DATA FOR THE POTASSIUM
CHLOROCEROMAYE COMPLEX OF 18-CROWN-6 vs POTASSIUM CHLOROCHROMATE PER SE

comxx (V)

R SAX
363
354

283

E

363
353
282

A ¢ mx (/g-cw) £ max (lwol-cm) O
0.64 2.71 1190
0.64 2.69 1180
0.91 31.86 1695
1.07 4,53 1990
€ max gl/nlﬂ
1180
1160
1650
1780

(1) Complex values are from Figure 4

(2) A molecular weight of 439 was assumed based on the complex,

(18~Crown-6) (KCr04Cl).

A= ¢ bey

Since a concentration of 0.236 gm/liter
was prepared, this corresponds to a 5.37 x 10™4 Molar solution.
These values were used for ¢ in the Beer-Lambeet expression
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RESULTS

1. The l8-crown-6 and dibenso-18-crown-6 complex systems when prepared
sccording to referemce (g) produced chlorochromate, c:o,cl‘ (reference (k))

ss anionic partmer to the complexed potassium catiom as illustrsted im

Pigure 1. Such hexawvalent chromium systems we choose to designste as AMichrome.

2. The 18-crown-6 sas synthesized according to referemce (h) in sa oversll
yield of 18%.

3. The 18-crown-6 AMichrome exhibited rapid deterioratiom at room tempersture,
even under nitrogen, 90 that after a few weeks the clesr AMichrome had changed
to a deep brown viscous mass. Presumably, the product is a polymsr resesbling
a polyether since no significamt chenges appeared in the infrared for the
before and after situations. The product is completely insoluble in msthylene
chloride, the bast solvent for the AMichromss. Moreover, gases are produced
during the oxidation which could be a fire hasard if stored in large enmough

quantity.
CONCLUSIONS

1. The AMichromas when prepared according to referemce (g) consist of a
complexed potassium cation with :hlorochromate, Cr04Cl”, as the anionic partner.

2. Even though the AMichromes are effective corrosion imhibiting agents for
paint coatings, they have poor shelf lives snd bence are impractical (and even
hasardous) for Fleet use at this time.

RECOMMENDATIONS

1. It is vecommsnded that this research be termimated on the basis that
further work for incressing the shelf life of the AdMichromes does not appear
promising. Accordimgly, this is considered to be a final report om the
AMichroms resaarch.
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